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The fourth industrial revolution, also known as Industry 4.0, implies significant new technological opportunities for today's manufacturing industry. However, manufacturing companies still lack knowledge and skills on how to fully utilize these innovative technologies. This is in particular the case as regards development of process innovation. In order to advance this knowledge, the concept of learning factories is useful to support the manufacturer's learning and movement towards innovation. In short, a learning factory, that supports process innovation, can be described as a learning process for industry participants, which utilizes a learning factory to create rapid and innovative process solutions in industry based on the paradigm of Industry 4.0. Research on this topic is however still relatively scarce and scattered, meaning that no common conceptual frame of reference exists to support the research field of process innovation. Consequently, the theory building on innovation in the context of i4.0 is still fragmented and in its infancy, in spite of the rapidly increasing interest in this empirical phenomenon. To advance this domain of research, the current study unites and synthesizes existing research on process innovation in learning factories. Based on the findings of the literature review, the initial work of a reference model for process innovation in learning factories is presented.

Introduction

Industrial revolutions refer to paradigm shifts in industrial production, often caused by technology leaps. Thus far, three paradigm shifts have occurred and thereby also three industrial revolutions. Currently, the manufacturing industry is moving towards a fourth paradigm shift, which is generally recognized as the fourth industrial revolution or Industry 4.0 (i4.0). [START_REF] Lasi | Industry 4.0[END_REF] The overarching vision of i4.0 is to have intelligent end-toend processes enabled by autonomous decision-making and cyber-physical systems throughout the supply chain [START_REF] Colli | Contextualizing the Outcome of a Maturity Assessment for Industry 4.0[END_REF][START_REF] Qin | A Categorical Framework of Manufacturing for Industry 4.0 and Beyond[END_REF]. The implementation of i4.0 is expected to be enabled by a combination of Internet technologies, and "smart" machine and product technologies [START_REF] Lasi | Industry 4.0[END_REF]. Despite agreement on the potential for using i4.0 technologies to make technological advancements in the production [START_REF] Erol | Tangible Industry 4.0: A Scenario-Based Approach to Learning for the Future of Production[END_REF] and improve the competitiveness of the company [START_REF] Un | Types of R&D Collaborations and Process Innovation: The Benefit of Collaborating Upstream in the Knowledge Chain[END_REF], the implementation of innovative and valuable i4.0 solutions in industry is highly complicated, and requires a dedicated focus on developing new skills and competences [START_REF] Erol | Tangible Industry 4.0: A Scenario-Based Approach to Learning for the Future of Production[END_REF][START_REF] Lassen | Labour 4.0: Developing Competences for Smart Production[END_REF]. Creating process innovation by the use of i4.0 technologies is complex and abstract for companies [START_REF] Erol | Tangible Industry 4.0: A Scenario-Based Approach to Learning for the Future of Production[END_REF] among other things due to lack of understanding of the potential caused by radical changes as a result of a shift in paradigm [START_REF] Abele | Learning Factories for Future Oriented Research and Education in Manufacturing[END_REF]. Furthermore, the speed of the technological development is increasing, which means that companies need to both learn about and implement new technologies faster than ever before to stay competitive. Therefore, existing learning methods related to i4.0 technologies may be too time consuming while they, at the same time, may restrict the participants' creativity and thereby the potential for achieving innovative solutions. In order to rapidly develop new knowledge on i4.0 technologies and construct innovative solutions on the basis of these technologies, companies may benefit from being more experimental in their learning approaches. At the same time, companies need to enter into new collaborations with e.g. supply chain partners to fully exploit the potential of i4.0. Consequently, new and faster learning methods which support the development of i4.0 manufacturing systems are required [START_REF] Lasi | Industry 4.0[END_REF]. Several examples exist from both academia and industry where learning factories are used to train i4.0 solutions and thus development of i4.0 manufacturing systems [START_REF] Wagner | The State-of-the-Art and Prospects of Learning Factories[END_REF][START_REF] Andersen | Engineering Education in Changeable and Reconfigurable Manufacturing: Using Problem-Based Learning in a Learning Factory Environment[END_REF]. However, we argue that the concept of learning factories has a broader usefulness for conceptualizing the development of generic innovation methodologies for i4.0 manufacturing systems. Since research on this topic is scarce and fragmented, a common frame of reference is needed in order to create a common conceptual understanding of the research field. Reference models seek to create common understandings of e.g. a research field [START_REF] Fettke | Referenzmodellierungsforschung[END_REF]. Therefore, the objective of this research is to present the initial work of a reference model, which can provide a common understanding of the use of learning factories to support process innovation in relation to i4.0. This is achieved by conducting a literature review, which seeks to answer the following research question: How do learning factories support process innovation in i4.0?

The paper is structured as follows: The applied research methodology is presented in section 2. Afterwards, the findings of the literature review are presented in section 3 and significant conclusions for establishing a reference model are emphasized. Lastly, findings and conclusion on the research are presented in section 4.

Methodology

A structured literature review was made which addresses the research question: How do learning factories support process innovation in i4.0?

The initial applied search string was: "learning factory" OR "learning factories". Additionally, an initial search on innovation in learning factories was made. The chosen database was Web of Science, which ensures the academic standards of chosen publications. The search provided 192 hits. Upon first round of revision of the material, it became clear that most of the retrieved research focused on learning factories in education environments and that only limited research was related to industry participation. This led to initiation of a second round of literature search, which focused on capturing research on the topic, which could potentially have applied an adjacent terminology to learning factories. Combinations of several terms related to the research objective were tested. The terms were found in papers related to the research topic and through inputs from experienced researchers in the fields of robotics and automation, manufacturing systems, and operations development. It was chosen to broaden the scope of the literature topics to be included in this research. Leavitt's Diamond model from the 1960's was used as inspiration for structuring both the literature search and the subsequent analysis. The model was originally used for describing and analyzing organizations based on four parameters: Structure, technology, people, and task [START_REF] Jensen | Leavitt-Ry -Modellen Med De Mange Muligheder. Decade[END_REF]. Through the four parameters, process innovation in learning factories was investigated in relation to the technologies in center of the innovation (technology), the people who learn by using the learning factory (people), the tasks these people do in relation to the innovative technology (task), and the applied learning process (structure) to answer the research question. Three search strings for each of the four parameters were constructed to search for literature. Only papers published after 2008, written in English language, and with a subject related to i4.0 innovation in learning factories in the manufacturing industry were included. This means that e.g. research on learning factories in education environments was excluded. Based on these criteria, the three most cited articles for each search string were selected for analysis, thus 36 articles have been selected in total.

Literature Review

This section presents the analysis of the papers retrieved through the literature search. Each analysis is rounded off with a summary of those findings which are of particular relevance to process innovation learning factories.

Structure

Technological process innovation is important for manufacturers' competitiveness in the market [START_REF] Un | Types of R&D Collaborations and Process Innovation: The Benefit of Collaborating Upstream in the Knowledge Chain[END_REF][START_REF] Hollen | The Role of Management Innovation in Enabling Technological Process Innovation[END_REF]. Consequently, learning approaches which boost innovation in manufacturing are crucial [START_REF] Abele | Learning Factories for Research, Education, and Training[END_REF]. Learning factories are applicable of providing the format and methodologies for this, since learning factories improve the learning productivity [START_REF] Abele | Learning Factories for Future Oriented Research and Education in Manufacturing[END_REF]. Several learning factories have been installed at universities and research institutions for research, education and/or industrial training [START_REF] Wagner | The State-of-the-Art and Prospects of Learning Factories[END_REF][START_REF] Wagner | Learning Factory for Management, Organization and Workers' Participation[END_REF][START_REF] Schallock | Learning Factory for Industry 4.0 to Provide Future Skills Beyond Technical Training[END_REF]. However, the learning processes in learning factories and their objectives differ. Wagner et al. [START_REF] Wagner | The State-of-the-Art and Prospects of Learning Factories[END_REF] for example studied learning factories focusing on changeable and reconfigurable manufacturing systems and concluded that only few learning factories have changeability characteristics and thus may be used to develop innovative solutions in regard to manufacturing system changeability and reconfigurability. Schallock et al. [START_REF] Schallock | Learning Factory for Industry 4.0 to Provide Future Skills Beyond Technical Training[END_REF] found that more learning factories are being oriented towards i4.0 topics. The learning factory at Ruhr-Universität Bochum focuses on resource efficiency, management and organization, and process optimization to improve the workers' ability to accommodate changes in the production [START_REF] Wagner | Learning Factory for Management, Organization and Workers' Participation[END_REF]. This corresponds to the findings of Abele et al. [START_REF] Abele | Learning Factories for Research, Education, and Training[END_REF] who discovered that learning factories are often used to develop industry participants' ability to manage complex and unfamiliar situations. An example of a learning process related to i4.0 is described by Schallock et al. [START_REF] Schallock | Learning Factory for Industry 4.0 to Provide Future Skills Beyond Technical Training[END_REF]. The training in the learning factory consists of two parts: One for the high-level managers and one for the line managers. The high-level managers are first coached and prepared for leading the change process of implementing i4.0. Afterwards, the line managers have two trainings. The first is a basic training, which introduces general principles needed for the second part. The second training focuses on i4.0 technologies and the implementation of these in production processes.

After completing the training in the learning factory, the organization receives guidance and coaching on-site in the following six months. Another example is the learning process at the learning factory at Ruhr-Universität Bochum, which is centered around business games and simulations of real production processes [START_REF] Wagner | Learning Factory for Management, Organization and Workers' Participation[END_REF]. Tisch and Metternich [START_REF] Tisch | Potentials and Limits of Learning Factories in Research[END_REF] present seven success factors for methodical modelling of learning processes and make suggestions for how each of the seven factors can be addressed through learning factories to build successful learning factories.

The literature furthermore indicates that different types of collaboration have a positive influence on learning. According to Macher and Mowery [START_REF] Macher | Measuring Dynamic Capabilities: Practices and Performance in Semiconductor Manufacturing[END_REF] manufacturers in the semiconductor industry that use diverse teams for problem-solving and co-locations, which strengthens the relations between employees in manufacturing and development, learn faster. Additionally, Un and Asakawa [START_REF] Un | Types of R&D Collaborations and Process Innovation: The Benefit of Collaborating Upstream in the Knowledge Chain[END_REF] found that a R&D collaboration between a manufacturing company and a university positively affects process innovation at the manufacturing site, which also supports the findings of Abele et al. [START_REF] Abele | Learning Factories for Future Oriented Research and Education in Manufacturing[END_REF] who found that complexity and costs of translating research results into operations can be costly for especially smaller companies.

The main goal of learning factories differs based on their application. For research purposes the main goals are often technological and/or organizational innovation, whereas for education and training of industry purposes, the main goal is to effectively develop competences. [START_REF] Abele | Learning Factories for Research, Education, and Training[END_REF] Though, according to Abele et al. [START_REF] Abele | Learning Factories for Future Oriented Research and Education in Manufacturing[END_REF] learning factories would benefit from having a closer relation to innovation.

Based on this, it can be concluded that the use of learning factories differs depending on whether the purpose is related to industry or research. Currently, the use of learning factories to support innovation is related to the research domain, which however indicates that learning factories may be used to create process innovation in industry. Furthermore, there are indications that collaborations between industry and universities have a positive impact on process innovation.

Technology

New, innovative technologies are introduced with ever-increasing frequency, which gives manufacturing companies new possibilities for improving production processes. However, as mentioned before this also sets requirements for rapid knowledge acquisition and solution design for future manufacturing systems. [START_REF] Madsen | The AAU Smart Production Laboratory for Teaching and Research in Emerging Digital Manufacturing Technologies[END_REF] Learning factories support this process by focusing on new technologies and methods in their learning goals. Some learning factories use a holistic view by exploring topics such as i4.0 technologies and methods [START_REF] Küsters | Textile Learning Factory 4.0-Preparing Germany's Textile Industry for the Digital Future[END_REF][START_REF] Karre | Transition Towards an Industry 4.0 State of the LeanLab at Graz University of Technology[END_REF], digital solutions [START_REF] Küsters | Textile Learning Factory 4.0-Preparing Germany's Textile Industry for the Digital Future[END_REF], cyber physical production systems [START_REF] Karre | Transition Towards an Industry 4.0 State of the LeanLab at Graz University of Technology[END_REF] and Internet of Things technologies [START_REF] Lensing | Designing a Curriculum for the Internet-of-Things-Laboratory to Foster Creativity and a Maker Mindset within Varying Target Groups[END_REF][START_REF] Gronau | Development of the Industrial IoT Competences in the Areas of Organization, Process, and Interaction Based on the Learning Factory Concept[END_REF] whereas other learning factories focus on specific technologies and methods. Examples of these are industrial robots [START_REF] Madsen | The AAU Smart Production Laboratory for Teaching and Research in Emerging Digital Manufacturing Technologies[END_REF], logistics systems [START_REF] Blöchl | Simulation Game for Intelligent Production logistics-The PuLL® Learning Factory[END_REF][START_REF] Matt | Mini-Factory-a Learning Factory Concept for Students and Small and Medium Sized Enterprises[END_REF], digital twins [START_REF] Uhlemann | The Digital Twin: Demonstrating the Potential of Real Time Data Acquisition in Production Systems[END_REF], and agility in operations [START_REF] Karre | Learn how to Cope with Volatility in Operations at Graz University of Technology's LEAD Factory[END_REF]. The main focus in current use of learning factories is related to specific technologies and methods and only little attention is given to develop conceptual understandings of i4.0 in spite of it being a new manufacturing paradigm which may therefore require development of an overall understanding of i4.0 manufacturing systems.

People

Competence development is a recognized target of learning factories [START_REF] Tisch | Learning Factory Design: A Competency-Oriented Approach Integrating Three Design Levels[END_REF], which for instance should prepare industry participants for successful implementation of innovative i4.0 technologies [START_REF] Prinz | Learning Factory Modules for Smart Factories in Industrie 4.0[END_REF]. The employees in focus are e.g. shop-floor workers [START_REF] Cachay | Developing Competencies for Continuous Improvement Processes on the Shop Floor through Learning Factories-Conceptual Design and Empirical Validation[END_REF], engineers from areas of expertise related to production and employees from small and medium sized enterprises since they need information and innovative solutions which fit their corporate size and needs [START_REF] Hummel | Competence Development for the Holistic Design of Collaborative Work Systems in the Logistics Learning Factory[END_REF][START_REF] Issa | Mobilizing SMEs Towards Industrie 4.0-Enabled Smart Products[END_REF]. According to Tisch et al. [START_REF] Tisch | A Systematic Approach on Developing Action-Oriented, Competency-Based Learning Factories[END_REF] most existing learning factories' industrial target is engineers. However, possible target groups may also be i4.0-specific roles, which have not yet been created [START_REF] Enke | Industrie 4.0 -Competencies for a Modern Production System[END_REF]. Participants are primarily trained in homogeneous groups [START_REF] Tisch | A Systematic Approach on Developing Action-Oriented, Competency-Based Learning Factories[END_REF], though to reflect real workplace situations, Tisch et al. [START_REF] Tisch | A Systematic Approach on Developing Action-Oriented, Competency-Based Learning Factories[END_REF] propose to design learning processes which also focus on heterogeneous target groups. According to the findings of Macher and Mowery [START_REF] Macher | Measuring Dynamic Capabilities: Practices and Performance in Semiconductor Manufacturing[END_REF] presented in section 3.1, using heterogeneous groups may also imply faster learning. Participation in learning factory learning processes does not necessarily imply improved competences for the participants [START_REF] Tisch | Learning Factory Design: A Competency-Oriented Approach Integrating Three Design Levels[END_REF]. Therefore, in an attempt to avoid this problem, Enke et al. [START_REF] Enke | Competency-Oriented Design of Learning Modules[END_REF] suggest to compare the companies' actual state to the wished target state and based on this, design competence-oriented learning processes.

Based on this, it can be concluded that current research focuses on developing shopfloor employees' competences so that they are capable of implementing and operating i4.0 solutions and only limited attention is given to the development of management.

Task

Through learning factories, employees from industry should get hands-on experience with innovative i4.0 technologies. However, to achieve this, suitable learning methods and tasks must be applied. [START_REF] Wank | Using a Learning Factory Approach to Transfer Industrie 4.0 Approaches to Small-and Medium-Sized Enterprises[END_REF][START_REF] Schuh | Promoting Work-Based Learning through Industry 4.0[END_REF] Therefore, Schuh et al. [START_REF] Schuh | Promoting Work-Based Learning through Industry 4.0[END_REF] studied factors relevant for creating a learning process, which increases the efficiency for participants to learn innovative i4.0 characteristics. Several learning processes put emphasis on training employees in the implementation of innovative technologies (see e.g. [START_REF] Faller | Industry 4.0 Learning Factory for Regional SMEs[END_REF][START_REF] Kreimeier | Holistic Learning Factories -A Concept to Train Lean Management, Resource Efficiency as Well as Management and Organization Improvement Skills[END_REF][START_REF] Kreitlein | Green Factories Bavaria: A Network of Distributed Learning Factories for Energy Efficient Production[END_REF][START_REF] Merkel | Teaching Smart Production: An Insight into the Learning Factory for Cyber-Physical Production Systems (LVP)[END_REF]) through practical, hands-on application, which is often combined with theoretical lectures. For instance, in the learning process described by Prinz et al. [START_REF] Prinz | Implementation of a Learning Environment for an Industrie 4.0 Assistance System to Improve the overall Equipment Effectiveness[END_REF], the participants start with a theoretical introduction to i4.0 and assistance systems. This is followed by several hands-on simulations starting with a complex production with no assistance system and ending with a fully integrated assistance system to show the participants the differences. The learning process ends with a best-practice tour. [START_REF] Prinz | Implementation of a Learning Environment for an Industrie 4.0 Assistance System to Improve the overall Equipment Effectiveness[END_REF] Several other learning factory concepts have also used simulation tasks (see e.g. [START_REF] Erol | Tangible Industry 4.0: A Scenario-Based Approach to Learning for the Future of Production[END_REF][START_REF] Seitz | Cyber-Physical Production Systems Combined with Logistic Models -A Learning Factory Concept for an Improved Production Planning and Control[END_REF]) where the main objective is to transfer knowledge on innovative technologies from research institutions to industry.

Consequently, it can be concluded that there is a tendency to use predefined simulation tasks for participants to learn about i4.0 and not using tasks which support innovation.

Findings and Conclusion

As this research shows, research on process innovation in learning factories is scarce. Consequently, to support future research in this area, a common frame of reference needs to be established. The findings of the literature review are used to construct a discussion on using learning factories to support the creation of process innovation, and thereby introduce the initial work of a reference model in this section. The vision of an i4.0 factory consists of integrated seamless processes, which are able to efficiently control the increased complexity resulting from accommodating customers' unique requirements. Modularity, flexibility, complexity management, data exchange, and i4.0 technologies are examples of tools and methods, which support the development of the factory of the future. However, i4.0 is not limited to the implementation of isolated innovative methods and technologies, but is a new paradigm that requires manufacturers to see i4.0 from the perspective of the whole manufacturing system and its supply chain. Consequently, to avoid sub-optimizing individual production processes, the company's management needs to acquire a conceptual understanding of the i4.0 paradigm to use as guiding principle for individual i4.0 development projects. i4.0 learning factories could be used to develop this conceptual understanding. However, from this research it is evident that the current research focus in learning factories is to transfer knowledge on innovative i4.0 technologies to implement these in the production and not to develop a conceptual understanding of the i4.0 paradigm and support process innovation. Current focus is on employees who implement and operate the technologies and as a result of this a managerial perspective is lacking. Therefore, compared to existing learning factories, learning processes need to also support the generation of the conceptual understanding of i4.0 by using a management perspective. Additionally, the findings indicate that simulation is a frequently used method in learning factories which means that focus is on making knowledge transfer from research institutions to industry participants on i4.0 technologies and methods. However, if learning factories should support process innovation, this would require tasks and learning processes which encourage the participants to experiment and be creative.

A learning factory for process innovation distinguishes itself from existing learning factories because of its main focus being to create innovation in industry. Consequently, with an offset in the findings of this research we can describe the characteristics of a process innovation learning factory which stand out from existing use of learning factories. A process innovation learning factory can, therefore, be described as a learning factory which supports process innovation in industry through tasks that may be experimental and encourage creativity compared to existing learning factory approaches. Furthermore, to succeed, these learning factories should support the long-term and visionary development of i4.0 manufacturing systems, and thus focus on development of a conceptual understanding of i4.0 besides focus on individual i4.0 technologies and methods which are already used in learning factories today.